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1
SEALED RIGID PIPE JOINT

This 1s a continuation of application Ser. No. 566,557,
filed Dec. 29, 1983 and now abandoned.

FIELD OF THE INVENTION

The invention relates to a joint for rigidly connecting
pipes having high temperature fluid flowing there-
through and includes a seal for resisting escape of the
fluid. The joint comprises first and second telescoped
annular members including mating spherical segments,
a coupling assembly to couple the annular members in
telescoped engagement, and an annular cavity defined
by the annular members for receiving the seal. This seal
is annular, metallic and torsionally flexible. The joint
accepts angular misalignment of the pipes as the pipes
are being connected, but thereafter the coupling assem-
bly applies a radially inwardly directed compression to
the mating spherical segments to resist further relative
angular movement therebetween.

BACKGROUND OF THE INVENTION

In systems for conducting high temperature and pres-

sure fluids, such as in aircraft, various pipe joints are
necessary to provide connections between lengths of
pipe. Some of these joints are rigid and therefore do not
allow relative angular movement between the coupled
pipes while others are flexible joints that allow for such
movement. However, use of either type of known joint
typically fails to provide a joint which both has an
efficient, long lasting sealing ability and takes into con-
sideration initial angular misalignment of the pipes due
to the manufacturing tolerances built into the pipes and
joints.

Thus, rigid joints are intended to rigidly connect the
pipes without any angular misalignment movement
after the joint is made-up and thus they tend to be un-
able to accept the angular misalignment caused by man-
ufacturing tolerances. In some cases, prior art rigid
joints are known that do accept certain angular mis-
alignment tolerances; however, they are usually very
heavy and do not accept a significant amount of such
angular misalignment.

As for flexible joints, while they accept angular mis-
alignment when they are made-up, they allow continu-
ous relative angular movement between connected
pipes and therefore consistently erode the sealing effi-
ciency provided by a seal in the joint due to the constant
angular movement between the pipes. Examples of such
flexible joints are disclosed in U.S. Pat. Nos. 1,368,786
to de Graff; 2,451,437 to Fenlon; 2,840,394 to Rohr;
3,047,315 to Kinnison; and 3,479,061 to Smookler et al.

Thus, there is a continuing need for improvement in
sealed, rigid pipe joints for use, for example, in aircraft
conduit systems having high pressure and temperature
fluid, such as air, flowing therethrough, which have
long lasting seals and accept initial angular misalign-
ment of the pipes.

SUMMARY OF THE INVENTION

Accordingly, a primary object of the invention is to
provide a sealed, rigid pipe joint that can allow for
angular misalignment due to manufacturing tolerances
and yet be rigid to resist angulation once the pipes are
connected to avoid deterioration of the seal.
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Another object of the invention is to provide such a

joint that has a torsionally flexible annular seal that is

light in weight and long lasting.
Another object of the invention is to provide such a

5> joint that has a substantially low profile and is light in

weight.
A further object of the invention is to provide such a

joint that is simply and quickly assembled and disassem-

bled.

The foregoing objects are basically attained by pro-
viding a joint for rigidly coupling first and second pipes
having a fluid flowing therethrough, the combination
comprising a first annular member rigidly coupled to
the first pipe and having an outer surface in the form of
a spherical segment; a second annular member rigidly
coupled to the second pipe and having an inner surface
in the form of a spherical segment, the inner and outer
surfaces having substantially the same radius of curva-
ture and being engaged, such engagement defining an
interface; a coupling assembly, coupled to the first and
second members, for rigidly coupling the first and sec-
ond members together to resist relative axial movement
and for radially inwardly compressing the first and
second surfaces together to resist relative angular
movement, the first and second members defining a
cavity communicating with the interface of the inner
and outer surfaces; and an annular seal, located in the
cavity, for resisting fluid escape from the first and sec-
ond pipes through the interface of the inner and outer
surfaces. |

The foregoing objects are also attained by providing
a method of rigidly joining first and second pipes hav-
ing a fluid flowing therethrough, the first pipe having
an end with an outer surface in the form of a spherical
segment and the second pipe having an end with an
inner surface in the form of a spherical segment, these
surfaces having substantially the same radius of curva-
ture, comprising the steps of engaging the outer surface
on the first pipe with the inner surface on the second
pipe to define an interface, sealing the interface to resist
fluid escape from the first and second pipes along the
interface, rigidly coupling the first and second pipes
together to resist relative axial movement therebe-
tween, and radially inwardly compressing the inner and
outer surfaces together to resist relative angular move-
ment therebetween.

Other objects, advantages and salient features of the
present invention will become apparent from the fol-
lowing detailed description, which, taken in conjunc-
tion with the annexed drawings, discloses preferred
embodiments of the invention.

DRAWINGS

Referring now to the drawings which form a part of
this original disclosure:

FIG. 1 is a partial side elevational view in longitudi-
nal section taken along line 1—1 in FIG. 4 showing the
sealed ngid pipe joint in accordance with the invention
in its made-up configuration;

FIG. 2 is an exploded, partial side elevational view of
the apparatus shown in FIG. 1;

FIG. 3 is a reduced side elevational view of the sealed
rigid pipe joint in accordance with the invention;

FIG. 4 1s a left end elevational view in transverse
section taken along line 4—4 in FIG. 3;

FIG. 5 1s an exploded, partial side elevational view of
the apparatus shown in FIGS. 1-4;



4,779,901

3

FIG. 6 is an exploded, partial side elevational view in
longitudinal section of a second embodiment of the
present invention in which the second flange is formed
of a primary and a secondary flange; and

FI1G. 7 is a side elevational view similar to that shown
in FIG. 6 except that the joint is fully made-up.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIGS. 1-5, the sealed rigid pipe
joint 10 in accordance with the invention couples a first
pipe 12 and a second pipe 14, these pipes having fluid
flowing therethrough, which can be high temperature
and pressure air between, for example, 400°-1,000° F.
These pipes are typically cylindrical and formed of high
temperature-resistant metal. The joint 10 comprises first
and second telescoped annular members 16 and 18 and
a coupling assembly 20 that couples the annular mem-
bers in telescoped engagement and radially inwardly
compresses these members to resist relative angular
movement therebetween once the joint is made-up.
However, as described in more detail hereinafter, since
the annular members have mating spherical segments
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20

that provide the telescoped engagement, initial angular

misalignment of the pipes due to manufacturing toler-

ances are readily accepted. For example, the joint 10
illustrated i FIGS. 1-5 can accept angular misalign-
ment of about 3.5°.

The first annular member 16 as seen best in FIGS. 1,
2 and 5 1s comprised of a first annular hub 22 and a first
~ annular flange 24, this flange being slidably received
over and on the outer surface of the first hub as seen in

25

30

FIGS. 1 and 5. The first hub 22 is comprised of a cylin-

drical portion 26, which is cylindrical on its inner and
outer surfaces and which 1s welded via weld 28 to the
first pipe 12, and a spherical segment 30 extending inte-
grally from cylindrical portion 26. Spherical segment 30
has an inner surface 32 and an outer surface 34 which
are arcuate along their longitudinal cross sections. On
the outer surface 34 is an integral annular extension
including a frustoconical surface 38 extending into a
cylindrical surface 40 extending into a frustoconical

surface 42, which in turn extends into the outer surface.

34. This extension provides an angulation stop to limit
angulation between the first flange and the first hub.

The first flange 24 has a substantially L-shaped cross
section and has as its inner surface 44 a spherical seg-
ment having a radius of curvature subtantially equal to
the radius of curvature of the outer surface 34 on the
first hub 22. The smallest diameter of the inner surface
44 on the first flange is slightly smaller than the cylindri-
cal surface 40 diameter so that the flange 24 can be force
fit over the extension from a position seen in FIG. 2 to
that seen in FIGS. 1 and 8. The largest diameter of the
inner surface 44 of the flange is smaller than the largest
diameter of the outer surface 34 of spherical segment 30,
so the flange cannot slide off the distal end of the seg-
ment as illustrated in FIGS. 1 and 5. Moreover, this
relationship prevents the hub from pulling out of the
flange under an axial force to the right as seen in FIG.
1. In all events, the inner surface 44 on the flange is
slidably engageable over a limited distance with the
outer surface 34 on the hub.

The flange 16 also has an axially facing flat annular
surface 46 that lies in a plane substantially perpendicular
to the axis of the flange and hub, and an axially and
radially inwardly opening groove 48 below surface 46
having a substantially rectangular cross section. This
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groove has an outer wall 50 that is radially inwardly
facing and is arcuate in longitudinal cross section, and
an axially facing flat, annular wall 52 which lies in a
plane perpendicular to the longitudinal axis of the
flange and hub. The flange also has a frustoconical outer
surface 54 for engagement with the coupling assembly
20 as seen in FIG. 1. |

The second annular member 18 is similarly formed of
a second annular hub 56 and a second annular flange 38,
which is integrally formed with the second hub. This
hub 56 is welded via weld 59 to the second pipe 14 and
comprises a cylindrical portion 60 and a frustoconical
portion 62, which are integrally formed, the cylindrical
portion 60 having cylindrical inner and outer surfaces
and the frustoconical portion 62 similarly having frusto-
conical inner and outer surfaces. The second hub 56 and
the second flange 58 together have an inner surface 64
that is in the form of a spherical segment and thus is
arcuate in longitudinal cross section, the radius of cur- -
vature of this spherical segment being substantially the
same as the radius of curvature of the outer surface 34
on the first hub 22, This allows the first and second hubs
to be telescoped into mating engagement in a substan-
tially ball and socket configuration as illustrated in FIG.
1, this engagement defining an interface 66 therebe-
tween. |

The second annular flange 58 has an outer frustoconi-
cal surface 68 for engagement by the coupling assembly
20 as seen in FIG. 1 and also has an axially facing, flat
annular surface 70, which is perpendicular to the longi-
tudinal axis of the second hub and second flange and
which engages in a face to face engagement with axially
facing annular surface 46 on the first flange 24 as seen in
FI1@G. 1. The second flange 58 also has an annular groove
72 formed therein having a substantially rectangular
cross section and including an outer wall 74 that is
radially inwardly facing and is arcuate in longitudinal
cross section, and an axially facing, flat annular wall 76
which lies in a plane substantially perpendicular to the
longitudinal axis of the second hub and flange.

As seen in FIG. 1, a cavity 78 is formed by the first
and second flanges and the first hub for reception of an
annular seal 80. In particular this cavity is defined on its
inner surface by the outer surface 34 on the first hub, on
its outer surface by a combination of arcuate walls 50
and 74 in the two grooves in the two flanges, and on its
opposite sides by annular wall 52 in groove 48 on the
first flange and annular wall 76 in the groove 72 on the
second flange.

This seal 80 1s a solid annular ring, is metallic and is
torsionally flexible and thereby capable of accepting
radial expansion and contraction due to temperature
changes without losing its elasticity. As seen in FIG. 2
the seal 80 has a substantially C-shaped transverse cross
section and includes a frustoconical central portion 82,
a first arcuate sealing portion 84 integrally formed with
and extending from one end of the central portion, and
a second arcuate sealing portion 86 integrally formed
with and extending from the other end of the central
portion. As seen in FIGS. 1 and 2, the central frustocon-
ical portion 82 tapers inwardly from the first arcuate
sealing portion 84 towards the second arcuate sealing
portion 86. As installed, seal 80 seals the interface 66
between outer surface 34 and inner surface 64 and
thereby resists escape of fluid flowing in pipes 12 and 14
by having the second arcuate sealing portion 86 engag-
ing the outer surface 34 of the first hub and annular well
76 of the second flange, and with the first arcuate seal-
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ing portion 84 engaging annular wall 52 and arcuate
wall 50 on the first flange. This configuration could be
reversed with regard to the position of the seal and still
maintain a seal of interface 66. Thus, the second sealing
portion would engage arcuate wall 74 and annular wall
76 in the second flange, and the first sealing portion 84
- would engage annular wall 52 in the first flange and the
outer surface 34 on the first hub. |

Each of the arcuate sealing portions 84 and 86 is
substantially semi-circular in transverse cross section
and faces radially outwardly from the central frustocon-
ical portion 82. The smallest diameter of the seal is
slightly less than the largest diameter of outer surface 34
where the seal is to reside so that the seal 80 can be
forced onto the outer surface and is slighlty biased out-
- wardly thereby.

This annular seal 80 is specifically disclosed and
claimed in a commonly owned, prior filed U.S. patent
application Ser. No. 437,869, filed on Oct. 29, 1982, by
Horace P. Halling and Robert A. Barrett, and issued on
July 3, 1984, as U.S. Pat. No. 4,457,532, the disclosure
of which is hereby incorporated by reference.

Referring now to FIGS. 3 and 4, the coupling assem-
bly 20 is shown comprising a pair of opposed substan-
tially semi-circular clamp members 88 and 90, a pivot
assembly 92 pivotally connecting a pair of adjacent ends
of these clamp members, and a locking assembly 94
including a tightening boit 96 threadedly receiving a
threaded nut 97 for drawing the clamp members 88 and
90 together in the radially inward direction. As seen in
FIG. 2, the interior of clamp member 88, as well as
clamp member 90, has an inwardly opening inverted
V-shaped groove 98, the walls of which engage frusto-
conical surfaces 54 and 68 on the flanges to force these
flanges together as the clamp members are moved to-
gether via the locking assembly 94. The coupling assem-
bly encircles the entire periphery of the flanges.

In addition, this coupling assembly, via tigthening of
the clamp members, also compresses the first and sec-
ond flanges radially inwardly against the outer surface
34 of the first hub to increase the frictional engagement
therebetween so as to prevent relative angular move-
ment therebetween. The coupling assembly 20 is con-
ventional and is disclosed in U.S. Pat. No. 3,797,836, the
disclosure of which if hereby incorporated by refer-
ence. -

Advantageously, the first and second hubs and
flanges are formed from high temperature-resistant
metal, such as Inconel. -

FORMATION OF THE JOINT

- In forming the joint 10 in accordance with the inven-
tion shown in FIG. 1, the first flange 24 is maneuvered
longitudinally over the cylindrical portion 26 of the first
hub and is forced to the left over the extension 36 to a
position shown in FIG. 5. Then the seal 80 is slid onto
the outer surface 34 of the first hub via the distal end of
the hub and this outer surface is telescoped into engage-
ment with the inner surface 64 on the second annular
member 18 as seen in FIG. 1. Next, the first flange 24 is
moved towards the seal so as to position the seal in the
cavity 78 and engage the flanges as shown in FIG. 1.
This seals the interface 66 to resist fluid escape from the
first and second pipes.

Next, the clamp members 88 and 90 are maneuvered
around the now engaged first and second flanges and
are moved towards one another by means of tightening
the nut 97 on bolt 96 in the locking assembly 94. Once
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the walls defining the grooves 98 in the clamp members
engage the frustoconical outer surfaces 54 and 68 in the
first and second flanges, the first and second pipes are
rigidly coupled together to resist relative axial move-
ment therebetween since the first hub 22 cannot be
pulled past the first flange 24. The locking assembly 94
is then further tightened so that the clamp members
radially inwardly compress the flanges against the outer
surface 34 of the first hub, thereby significantly increas-
ing the friction therebetween, which in turn resists rela-
tive angular movement therebetween. In particular, the
inner surface 64 on the second flange is compressed
against the outer surface 34 on the first hub and the
inner surface 44 on the first flange is similarly com-
pressed against the outer surface 34 on the first hub.
This compression is essentially a substantially uniform
radially inwardly directed force applied to the inner and
outer surfaces by the coupling assembly.

Thus, since the first flange 24 is slidably engageable
with the first hub 22 and both have mating spherical
segment surfaces, angular misalignment of the pipes 12
and 14, such as due to manufacturing tolerances, can be
allowed and compensated for when the joint 10 is being
made-up. In addition, since the coupling assembly 20
exerts a significant compression on the flanges and the
hub, undesirable angular misalignment of the pipes 12
and 14 once the joint is made-up is prevented. This is
advantageous since it prevents sliding of outer surface
34 against seal 80, which would deteriorate the sealing
capability thereof.

EMBODIMENT OF FIGS. 6 AND 7

A second embodiment of the sealed rigid pipe joint
100 in accordance with the invention is shown in FIGS.
6 and 7, this joint 100 being similar to joint 10 shown in
FIGS. 1-5 except that the second flange 1s formed of
two pieces comprising a primary flange and a secondary
flange and these are sealed with an E-seal.

As seen in FIGS. 6 and 7, the joint 100 comprises a
first annular member 102, a second annular member 104
which is telescoped into mating engagement with the
first annular member, and a coupling assembly 106 for
rigidly coupling the annular members together to resist
relative axial movement -and to radially compress the
telescoped annular members together in a radially in-
ward direction to resist relative angular movement
therebetween. The first annular member 102 is com-
prised of a first annular hub 108 and a first annular

- flange 110 which is slidably coupled on the outside

50

33

635

thereof. The second annular member 104 is comprised
of a second annular hub 112 and a second annular flange
114, this second flange being formed from two pieces
comprising a primary flange 116 integral with the hub
and a secondary flange 118.

The first hub 108 is rigidly coupled via weld 120 to a
first pipe 122 and the second hub 112 is rigidly coupled
via weld 124 to the second pipe 126. As seen in FIGS.
6 and 7, these pipes have different diameters.

The coupling assembly 106 is essentially the same as
coupling assembly 20 shown in FIGS. 1-5 and discussed
above; however, it 1s a little wider in transverse dimen-
sion to receive the first flange, the primary flange and
the secondary flange therein.

As seen in FIG. 6, the first hub has an outer surface
128 which is in the form of a spherical segment which
extends into an annular recess in the form of a spherical
segment 130 with an annular extension 132 defining the
other side of the recess. The inner surface of the first
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hub 108 comprises a cylindrical portion 134 which ex-
tends into a frustoconical portion 136 which in turn
extends into a frustoconical portion 138.

The first flange 110 has an axially facing groove 140
comprising a cylindrical outer wall 142 which 1s radi-
ally inwardly facing, an axially facing annular wall 144
which is flat and lies in a plane substantially perpendicu-
lar to the axis of the flange, a frustoconical wall 146 and
an axially facing annular wall 148 which is flat and
substantially perpendicular to the longitudinal axis of
the flange. Extending rearwardly from annular wall 148
the flange has a radially inwardly facing inner surface
150 which is in the form of a spherical segment. Extend-

5

10

1ng radially mwardly at the end of the inner surface 150

is and annular rim 152 which is receivable and slidable
- along the surface of recess 130 in the hub. The radius of
curvature of the outer surface 128 on the hub and the
inner surface 150 on the flange is substantially the same

so that the flange 110 is slidable relative to the hub 108

from the position shown in FIG. 6 to that shown in
FIG. 7. The same is true regarding rim 152 and recess
130. This slidable engagement allows for manufacturing
tolerance and thus angular misalignment upon making-
up of the joint 100.

The second hub 112 is integrally formed with a sub-
stantially L-shaped primary flange 16 which has a flat
annular axially facing wall 154 which lies in a plane
substantially perpendicular to the longitudinal axis of
the hub and flange and a radially inwardly facing cylin-
drical wall 156.

The secondary flange 118 has a radially inwardly

facing inner surface 158 which is in the form of a spheri-
cal segment, the radius of curvature of which is substan-
tially the same as the radius of curvature of outer sur-
face 128 on the first hub. As seen in FIG. 7, this inner
surface 158 receives outer surface 128 in mating tele-
scoped engagement, thereby defining an interface 160
for sealing by seal 162.

The secondary flange has an outwardly facing cylin-
drical wall 164 and a radially extending, axially facing
annular wall 166, this annular wall lying in a plane sub-
stantially perpendicular to the longitudinal axis of this
flange. As seen in FIG. 7, walls 164 and 166 on the
secondary flange recetve and abut respectively annular
wall 154 and cylindrical wall 156 on the primary flange
116. An annular groove 168 having a substantially rect-
angular cross section is formed in annular wall 166 and
receives an annular E-seal 170 to seal between the inter-
face of annular wall 166 and annular wall 154. This seal
is disclosed in U.S. Pat. No. 3,192,690 to Taylor, the
disclosure of which is hereby incorporated by refer-
ence.

On the axially facing side of the secondary flange,
opposite annular wall 166, is a series of walls beginning
at the outer periphery and including an annular wall
172, a cylindrical wall 174, an annular wall 176, a cylin-
drical wall 178, an annular wall 180, and a frustoconical
wall 182, this frustoconical wall extending into inner
surface 158. These annular walls lie in planes that are
substantially perpendicular to the longitudinal axis of
the secondary flange, and cylindrical walls 174 and 178
together with annular wall 176 define an axial rib 184.
As seen in FIG. 7, this rib 184 engages cylindrical wall

142 and annular wall 144 in the first flange 110 when the

joint i1s made-up.

In addition, a cavity 186 is formed between the sec-
ondary flange 118 and the first flange 110 defined by
frustoconical wall 146 an annular wall 148 in the first
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flange, the outer surface 128 on the first hub 108, and
cylindrical wall 178, annular wall 180 and frustoconical
wall 182 on the secondary flange.

The annular seal 162 shown in FIGS. 6 and 7 is sub-
stantially the same as that shown in FIGS. 1-§ and
discussed above; however, the angle of taper of the
frustoconical central portion thereof is at a smaller
angle to accommodate the dimensions of cavity 186. In
all events, seal 162 is located in the cavity to seal the
interface 160. As seen in FIG. 7, the seal engages the
outer surface 128 of the first hub 108, annular wall 148
in the first flange 110, and the downwardly facing cylin-
drical wall 178 in rib 184 on the secondary flange.

The joint 100 shown in FIGS. 6 and 7 is made up
substantially the same way as that discussed above re-
garding FIGS. 1-5, except that the primary and second-
ary flanges are engaged as the first hub 108 is telescoped
into the secondary flange. The joint can accept angular

misalignment between the pipes of about 2.5°,

The materials used in this second embodiment are
substantially the same as those in the first embodiment
shown in FIGS. 1-8.

While various advantageous embodiments have been
chosen illustrate the invention it will be understood by
those skilled in the art that various changes and modifi-
cations can be made therein without departing from the
scope of the invention as defined in the appended
claims.

What is claimed i1s:

1. A joint for rigidly coupling first and second pipes
having a fluid flowing therethrough, the combination
comprising;:

a first annular member rigidly coupled to the first
pipe and having an outer surface in the form of a
spherical segment;
a second annular member rigidly coupled to the sec-
ond pipe and having an inner surface in the form of
a sphencal segment;

said inner and outer surfaces having substantially the
same radius of curvature and being engaged, such
engagement defining an interface;
coupling means, coupled to said first and second
members, for rigidly coupling said first and second
members together to resist relative axial movement
and for radially inwardly compressing said first and
second surfaces together to resist relative angular
movement,
said first and second members defimng a cavity com-
municating with the interface of said inner and
outer surfaces; and |

an annular seal, located in said cavity, for resisting
fluid escape from the first and second pipes
through the interface of said inner and outer sur-
faces, |

said coupling means comprising

a pair of diametrically opposed arcuate clamp
members positioned around said first and second
annular members,

an assembly connecting a first pair of ends of said -
clamp members, and

a releasable tightening assembly connecting a sec-
ond pair of ends of said clamp members and
adapted to exert a circumferential tightening.
force on said clamp members,

said seal being resilient, torsionally flexible, metallic,

and substantially C-shaped in cross section and

comprising
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an annular central frustoconical portion which
tapers with respect to the axes of said pipes,
an annular first sealing portion having an arcuate

cross section, and being located at one end of

said central portion, and
an annular second sealing portion having an arcu-
ate cross section, and being located at the other
end of said central portion,
said seal being oriented such that
said first sealing portion engages only said first
member, and said second sealing portion engages
both said first member outer surface and said
second member.
2. A joint according to claim 1, wherein
said first member comprises
a first annular hub, and
a first annular flange coupled to said first hub.
3. A joint according to claim 2, wherein
said first flange has an inner surface in the form of a
spherical segment,
said first member outer surface is located on said first
hub and has substantially the same radius of curva-
ture and engages said inner surface on said first
flange.
4. A joint according to claim 3, wherein
said first hub has an integral annular stop flange ex-
tending outward therefrom, said stop flange being
spaced inward from the end of the first hub,
said stop flange having a maximum diameter slightly
larger than the minimum diameter of said inner
surface of said first flange.
S. A joint according to claim 3, wherein
the largest diameter of the inner surface of said first
flange is less than the largest diameter of the outer
surface of the first member.
6. A joint according to claim 2, wherein
said first flange has an annular groove therein defin-
ing part of said cavity.
7. A joint according to claim 2, wherein
said coupling means is coupled to said first flange.
8. A joint according to claim 2, wherein
said second member comprises
a second annular hub, and
a second annular flange coupled to said second
hub.
9. A joint according to claim 8, wherein
said coupling means is coupled to said first and sec-
ond flanges.
10. A joint according to claim 8, wherein
said second flange has an annular groove therein
defining part of said cavity.
11. A joint according to claim 8, wherein
said first flange has an annular groove therein defin-
ing part of said cavity, and
said second flange has an annular groove therein
defining part of said cavity.
12. A joint according to claim 11, wherein
said outer surface on said first member defines part of
said cavity.
13. A joint according to claim 8, wherein
said second flange is integrally formed with said sec-
ond hub.
14. A joint according to claim 8, wherein
said first flange has an axially facing annular surface,
and
said second flange has an axially facing annular sur-
face engaging said axially facing annular surface on
said first flange.
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15. A joint for rigidly coupling first and second pipes

having a fluid flowing therethrough, the combination
comprising;:

a first annular member rigidly coupled to the first
pipe and having an outer surface in the form of a
spherical segment;
a second annular member rigidly coupled to the sec-
ond pipe and having an inner surface in the form of
a spherical segment;
said inner and outer surfaces having substantially the
same radius of curvature and being engaged, such
engagement defining an interface;
coupling means, coupled to said first and second
members, for rigidly coupling said first and second
members together to resist relative axial movement
and for radially inwardly compressing said first and
second surfaces together to resist relative angular
movement,
said first and second members defining a cavity com-
municating with the interface of said inner and
outer surfaces; and
an annular resilient, torsionally flexible, metallic seal,
located in said cavity, for resisting fluid escape
from the first and second pipes through the inter-
face of said inner and outer surfaces,
said seal being substantially C-shaped in cross section
and comprising
an annular central frustoconical portion which
tapers with respect to the axes of said pipes,

an annular first sealing portion having an arcuate
cross section, and being located at one end of
said central portion, and

an annular second sealing portion having an arcu-
ate cross section, and being located at the other
end of said central portion,

sald seal being oriented such that
said first sealing portion engages only said first

member including said first member outer sur-
face, and said second sealing portion engages
only said second member.

16. A joint according to claim 1§, wherein

sald first member comprises a first annular hub, and a
first annular flange coupled to said first hub,

said second member comprises a second annular hub,
and a second annular flange coupled to said second
hub, and

said second flange comprises
a primary flange coupled to said second hub, and
a secondary flange coupled to said primary flange.

17. A joint according to claim 16, wherein

said second member inner surface is located on said
secondary flange.

18. A joint according to claim 16, wherein

an annular seal 1s located between said primary and
secondary flanges.

19. A joint according to claim 16, wherein

said secondary flange has an annular groove therein
defining a part of said cavity.

20. A joint according to claim 15, wherein

the smallest diameter of said seal is slightly less than
the largest diameter of said outer surface of said
first member.

21. A joint according to claim 15, wherein

said seal substantially C-shaped cross section is open
in a direction facing said interface of said inner and
outer surfaces.
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22. A joint for rigidly coupling first and second pipes
having a fluid flowing therethrough, the combination
comprising:

a first annular member rigidly coupled to the first

pipe and having an outer surface in the form of a

spherical segment;
a second annular member rigidly coupled to the sec-

ond pipe and having an inner surface in the form of

a spherical segment;

said inner and outer surfaces having substantially the
same radius of curvature and being engaged, such
engagement defining an interface;

coupling means, coupled to said first and second
members, for rigidly coupling said first and second
members together to resist relative axial movement
and for radially inwardly compressing said first and
second surfaces together to resist relative angular
movement,

said first and second members defining a cavity com-
municating with the interface of said inner and
outer surfaces; and

an annular seal, located in said cavity, for resisting
fluid escape from the first and second pipes
through the interface of said inner and outer sur-
faces,

said coupling means comprising
a pair of diametrically opposed arcuate clamp

members positioned around said first and second

annular members,

an assembly connecting a first pair of ends of said

clamp members, and
a releasable tightening assembly connecting a sec-
ond pair of ends of said clamp members and
adapted to exert a circumferential tighfening
force on said clamp members,
said seal being resilient, torsionally flexible, metallic,
and substantially C-shaped in cross section and
comprising
an annular central frustoconical portion which
tapers with respect to the axes of said pipes,
an annular first sealing portion having an arcuate
cross section, and being located at one end of
said central portion, and
an annular second sealing portion-having an arcu-
ate cross section, and being located at the other
end of said central portion,
said seal being oriented such that

5
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said first sealing portion engages only said first
member including said first member outer sur-
face, and said second sealing portion engages
only said second member. |
23. A joint according to claim 22, wherein
said seal substantially C-shaped cross section is open
in a direction facing said interface of said inner and
outer surfaces.
24. A joint for rigidly coupling first and second plpes

10 havmg a fluid flowing therethrough, the comb1nat10n
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comprising:
a first annular member rigidly coupled to the first
pipe and having an outer surface in the form of a
spherical segment;
a second annular member rigidly coupled to the sec-
ond pipe and having an inner surface in the form of
a sphencal segment;
said inner and outer surface having substantially the
same radius of curvature and being engaged, such
engagement defining an interface;
coupling means, coupled to said first and second
members, for rigidly coupling said first and second
members together to resist relative axial movement
and for radially inwardly compressing said first and
second surfaces together to resist relative angular
movement,
said first and second members defining a cavity com-
municating with the interface of said inner and
outer surfaces; and
an annular resilient, torsionally flexible, metallic seal,
located in said cavity, for resisting fluid escape
from the first and second pipes through the inter-
face of said inner and outer surfaces,
said seal being substantially C-shaped in cross section
and comprising
an annular central frustoconical portion which
tapers with respect to the axes of said pipes,
an annular first sealing portion having an arcuate
cross section, and being located at one end of
said central portion, and
an annular second sealing portion having an arcu-
ate cross section, and being located at the other
end of said central portion,
said seal being oriented such that
said first sealing portion engages only said ﬁrst
member, and said second sealing portion engages
both said first member outer surface and said-

second member.
* - JEE - - *.
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